Melastomataceae is an important component of the Brazilian Cerrado flora inhabiting different environments from those with well-drained soil to swamp soil sites. Several members of this family are recognized as aluminum (Al)-accumulating. We studied the wood anatomy of six species of Melastomataceae (Miconia albicans, M. fallax, M. chamissois, M. ligustroides, Microlepis oleaefolia, Rhynchanthera dichotoma), growing in different environments of Cerrado, exploring the occurrence of trabeculae and Al-accumulation sites.
Introduction
Brazilian savanna, called Cerrado, is characterized by dystrophic, acidic soils, which are extremely low in available nutrients and have high levels of soluble aluminum (Al) (Coutinho 2002) . Cerrado flora comprises Al-accumulating and non-accumulating plants (Souza et al. 2015) . Melastomataceae constitutes one of the most representative families from Cerrado flora (Mendonça et al. 1998) , inhabiting different environments from those with welldrained soil to swamp soil sites. Several members of this family are recognized as aluminum (Al)-accumulating (Haridasan 1982; Jansen et al. 2002a, b; Watanabe et al. 1998; Watanabe et al. 2008) . Recent studies have focused on the accumulation of Al mainly inside the leaf tissues (Jansen et al. 2002a , Maejima et al. 2014 , Souza et al. 2015 . However, information about the Al compartmentalization in secondary xylem cells is still lacking.
Remarkably, many species belonging to the Al-accumulating families have trabeculae in their secondary xylem cells, for example Rubiaceae, Proteaceae, Violaceae (Butterfield and Meylan 1979); Celastraceae, Thymeleaceae (Ohtani 1977) , Asteraceae (Werker and Baas 1981) , Elaeagnaceae (Sanio 1863 apud Werker and Baas 1981) , Winteraceae (Bary 1877 apud Werker and Baas 1981) and Vochysiaceae (León 2005) . For Melastomataceae (Al)-accumulating members, trabeculae were not reported.
Trabeculae are intracellular structures connecting tangential walls of a cell through its lumen (Keith 1971; Ohtani 1977; Butterfield and Meylan 1979; Carlquist 2001) and consist of three cell wall layers, the central region being continuous and similar to the compound middle lamella. Trabeculae have been reported to occur in the secondary xylem and bark of many gymnosperms and in some angiosperms as already commented by Werker and Baas (1981) , but not in Melastomataceae.
D r a f t 4
The morphology of trabeculae is suggestive of incomplete cell divisions and they are therefore considered abnormalities that result from a disturbance in cambial activity (Larson 1994) . However, the cause of trabeculae formation is still unknown. Hale (1923) suggested that the trabeculae are formed by the deposition of wall material around fungal hyphae. Other hypotheses (reviewed by Werker and Baas 1981; Grosser 1986) suggest that the activity of aphids and viruses as well as climatic factors such as frost, wounding and environmental stress in general, can induce the formation of trabeculae. Hypotheses regarding the effect of soil characteristics on trabeculae formation have not yet been put forward, although soil properties are known to indirectly influence wood formation (e.g. Yaltirik 1970; Dünisch and Bauch 1994; Villagra and Roig-Juñent 1997; Larson 1994) .
In this study we describe the wood anatomy focusing on the trabeculae occurrence and 
Material and Methods

Study site and species
The study was carried out in a fragment of Cerrado located within the municipality of Pratania, on the São Paulo State, Brazil (between 22°48 48.8 S, and 48°44 33.7 W).
We studied six species of Melastomataceae inhabiting different sites, ranging from well-drained to temporarily or permanently waterlogged soils, in the Brazilian Cerrado (Table   1) Raij et al. (2001) . Air-dried soil samples were analyzed for available contents of phosphorus (P); aluminum (Al); acidity (H+Al); basic cations, including potassium (K), calcium (Ca), and magnesium (Mg); sum of the bases Ca, Mg and K (SB); pH; base saturation (V%). The cation exchange capacity (CEC) was analyzed using buffered SMP solution (pH = 7) (Shoemaker et al., 1961) . The total organic carbon (OM) was analyzed using the Colorimetric Method (Walkley and Black, 1934; modified) .
Sampling and anatomical procedure
We obtained samples from the basal portion of main stems of the treelets, shrubby, and sub shrubby species. Three individuals were sampled for each species. We fixed the samples in FAA50 (formalin-aceto-alcohol 50) (Johansen 1940) and stored in 70% ethanol and glycerin (1:1). We cut wood samples using a sliding microtome, and the sections (15µm) were double stained with 1% aqueous solution of safranin and astra blue (Bukatsch 1972) , and mounted permanently in Permount synthetic medium. Quantitative data are based on 30 counts per species, and was performed in a semiautomatic image analyzer (Zeiss), using Zeiss AxioVision 3.1 software. Wood description followed IAWA Committee (1989) .
Results
The wood is diffuse porous (Fig. 1A-F Fibers have simple to minutely bordered pits in both radial and tangential walls (Fig.   5A ); thin-to thick-walled ( Fig. 1A-F) ; abundant parenchyma-like fiber bands in Miconia (Fig. 1A , 1C-E) and R. dichotoma (Fig. 1F ) and in less amount in M. oleaefolia (Fig. 1B ).
Septate fibers (Fig. 5A ) present in all species. Gelatinous fibers ( Fig. 1A-D, 1F , 5B) present in all species, except in M. ligustroides and M. fallax.
Axial parenchyma is scanty to vasicentric ( 
Druses occur in vessel elements of M. chamissois (Fig. 7E-F) and in idioblasts located
in the margin of the rays in M. oleaefolia ( Fig. 7G-H) .
Aluminum was detected in the G-layer of the gelatinous fiber walls in M. albicans (Fig. 8A) , in the septa of fibers in M. albicans, M. fallax and M. ligustroides (Fig. 8B) , in the vacuole of ray cells in M. ligustroides (Fig. 8C) 
8D-G).
Discussion
In this research we studied the wood anatomy of six species of Melastomataceae growing in the Brazilian Cerrado focusing on the presence of trabeculae in vessel elements, and Al-accumulating in different wood cells.
The general wood anatomy of the studied species including vessels arranged in a diffuse-porous pattern, vessel elements with simple perforation plates, intervessel pits alternate and vestured, parenchyma-like fibre bands and septate fibers abundant, scanty to vasicentric axial parenchyma and heterocellular rays corroborates with previous descriptions for Melastomataceae (Metcalfe and Chalk 1950, 1983 (Foy et al. 1978; Osaki 2002, Maejima et al. 2014 ); however, a beneficial effect of aluminum has been reported on the growth of plant species that are well adapted to tropical acid soils (Haridasan 1988; Osaki et al. 1997 , Watanabe and Osaki 2002 , Watanabe et al. 2005 ) by increasing nutrients concentrations, mainly phosphorus, in the plant tissues (Osaki et al. 1997) . In Miconia albicans occurring in acid latosols of the Cerrado from central Brazil, Haridasan (1988) reported an enhanced growth when its roots were exposed to distilled water containing aluminum. The species of Miconia studied here are adapted to acid soils from Cerrado, they accumulate Al (Esau 1977; Fahn 1990) , and also to the storage of water because of their highly hygroscopic internal walls (Paviani 1978) . Interestingly in our study these fibers also act as an important compartment of Al storage.
Aluminum has been reported to be accumulated in the cell walls (Rengel 1996) 166x173mm (300 x 300 DPI)
